Elder flowers have traditionally been used for their anti-inflammatory properties. However little is known about triterpenoid components in this Pharmacopoeial herbal drug. Herein, we report the quantification of ursolic and oleanolic acid in Sambuci flos by HPLC method. These biologically active triterpenoids were effectively separated and quantified using the elaborated HPLC chromatographic method with a naphthalene bounded silica reversed phase column. In this study, a very simple mobile phase for HPLC was developed to simultaneously determine both acids and the factors affecting separation were also discussed. The average content of oleanolic acid and ursolic acid in the elder flowers determined by proposed method was 2.06 mg/g and 11.56 mg/g respectively. This study showed both successful applications of the new type of reversed phase column and important contribution of mentioned triterpenoids to elder flower composition presumably resulting in its pharmacological action.
Among many compounds that are present in elder flowers, flavonoids and caffeic acid derivatives are the most abundant. The next group of natural compounds present in this herbal substance belongs to triterpenes: α-and β-amyrin, occurring mainly as fatty acid esters additionally to free triterpene acids: oleanolic, ursolic and 20β-hydroxyursolic acid. Other numerous phytoconstituents have been identified, including ethers and oxides, ketones, aldehydes, alcohols and esters, volatile oil, free fatty acids and sterols [1] .
Pharmacological studies have shown that oleanolic and ursolic acids have a broad biological activity, including anti-inflammatory, antiprotozoal, antimicrobial and cytotoxic to cancer cells. In addition, some more pharmacological effects of ursolic acid have been found gradually, such as restraining ulcers, controlling blood triglycerides, and treating diabetes [2] [3] [4] [5] [6] .
In recent years, a number of methods have been investigated for the quantitative analysis of oleanolic and ursolic acids in a variety of raw materials. These methods include thin layer chromatography, gas chromatography, capillary electrophoresis, micellar electrokinetic capillary chromatography, non-aqueous capillary electrophoresis and the mostly explored high-performance liquid chromatography (HPLC). HPLC has been often used for the determination of oleanolic and ursolic acids owing to the possibility of direct analysis (without derivatization) and the method universality. Recently, an efficient and rapid HPLC method, using γ-CD (gamma-cyclodextrin) as the mobile phase additive to improve the separation, was successfully developed for separation and quantitative determination of these triterpenes in the different Chinese herbs. HPLC with C18 as the solid phase is frequently used method for the determination of oleanolic and ursolic acids but this packing material often results in incomplete resolution except the polymeric C18 column [7] [8] [9] [10] . Utilization of C30 chromatographic bed with a buffer solution as a mobile phase was also reported for their evaluation [11] .
The present study focused on the development of a simple and accurate HPLC method for the quantitative analysis of ursolic acid and oleanolic acid based on naphthalene bounded silica packing material in a multiple samples of elder flower.
The effects of temperature and a flow rate of the mobile phase on the chromatographic behavior of two bioactive triterpenes were systematically studied as well. Two bioactive triterpenes were completely separated on a Cosmosil πNAP column with the mobile phase consisting of methanol and water only. The linearity of the method was good (R 2 = 0.999) over the studied range of 0.06-1.00 mg/mL for both oleanolic acid and ursolic acid. The LOD and LOQ were 0.14 and 0.48 μg/mL for oleanolic acid, whereas 0.20 and 0.66 μg/mL for ursolic acid, respectively (Table 1) .
Due to the similar structures of oleanolic acid and ursolic acid that differ only by the position of one methyl group (Figure 1) , the complete resolution of the chromatographic peaks presents many difficulties. Recently, a new type of reverse phase based on π-π interactions was introduced commercially. This type of reverse phase possess naphthylethyl group that is composed of two fused aromatic rings and forms strong π-π interactions with unsaturated compounds. Column with naphthalene bonded stationary phase enhanced π-π interactions and improves selectivity for structural isomers that offers improved separation of compounds such as positional isomers. In our studies the Cosmosil πNAP column was used for the HPLC separation of an extract containing ursolic acid and oleanolic acid. Mobile phase was composed of methanol and water (87:13, v/v) with no acid addition. Methanol was taken as a solvent of the first choice reflecting the previous literature reports [12] . The authors tested a series of aromatic and aliphatic compounds using a phenyl column with both acetonitrile and methanol as the mobile phase organic modifiers. They concluded that π-π interactions were enhanced by methanol versus acetonitrile [12] .
Presently, temperature is recognized as an important tool to optimize chromatographic parameters such as retention, efficiency and selectivity, particularly for large solutes [13] . Although usually a higher temperature is tested for compounds separation by HPLC the effect of subambient temperature on reverse phase HPLC is also reported [8, [13] [14] . We have performed the HPLC analysis at different temperatures 5°C, 10°C and 15°C. In our studies the retention times of oleanolic and ursolic acids were shortened as the temperature increased while being more retentive at the lowest tested temperature 5°C. Variations in temperature had no significant effect on the asymmetry factor for any compound.
Similarly, with the higher flow rate 0.8 mL/min, the retention times continued to shift earlier, however with the flow rate at 0.4 mL/min we obtained the best resolution factor. Thus by managing these two parameters we are able to optimize the method. When adjusting the temperature to 10°C and flow rate at 0.4 mL/min a complete separation of oleanolic and ursolic acids was obtained with the resolution factor Rs = 1.87. A two-dimensional color plot (HPLC chromatogram vs. wavelength), presented in Figure 2 , illustrates the separation of the crude ethyl acetate extract from elder flower with two distinct peaks of oleanolic and ursolic acids. It clearly shows that both acids are well shifted from other co-existing natural compounds possessing diverse UV spectra in the range from 196 to 280 nm. What is more, they are well separated for exact quantification and can be considered as symmetrical that is important for improved resolution and more accurate quantitation. The optimized HPLC conditions have been finally chosen for quantitative determination of ursolic and oleanolic acids in several samples of elder flowers. The average content of oleanolic and ursolic acids at Sambuci flos samples (n = 3 × 3) was 2.06 mg/g and 11.56 mg/g, respectively. Our results indicate that subambient temperatures are good to investigate isomers and support the previous observations [8, 14] .
Despite the fact that the chemistry of Sambuci flos is well documented there is little information about triterpenoids content. Earlier studies referred to the flower of Sambucus nigra as a source of ursolic and oleanolic acid determined by GC and HPLC analysis [15] [16] [17] . Therefore, by comparison our current results with literature data, we may conclude that flowers are a rich source of these biologically active compounds (~ 1.4 %). Since these phytoconstituents can be related to the medicinal functions of elder flower, we suggest oleanolic acid and ursolic acids as marker compounds for its quality evaluation. So far, only the level of total flavonoids is used for elder flower standardization. According to European Pharmacopoeia [18] , dried flowers of S. nigra L. should contain minimum 0.80 per cent of flavonoids, expressed as isoquercitroside. Thus, we present a simple, rapid and optimized HPLC method for the simultaneous determination of both triterpene acids in the flowers of S. nigra.
Experimental
General: Analytical grade organic solvents were purchased from Merck (Darmstadt, Germany) and POCh (Gliwice, Poland). Ultrapure distilled water used for all HPLC experiments was prepared inhouse using Hydrolab HLP20UV water purification system (Wiślina, Poland). The standard of ursolic acid (UA) was a gift of Prof. Marian Jurzysta from The Institute of Soil Science and Plant Cultivation (Puławy, Poland), whereas oleanolic acid (OA) was purchased from Roth (Karlsruhe, Germany). Elder flower samples for HPLC evaluation were bought at local market, Wroclaw province, Poland. Vouchers of commercially available elder flowers have been deposited in the Department of Pharmacognosy, Wroclaw Medical University.
Preparation of standard substances solution: Stock solutions of oleanolic and ursolic acids were prepared by dissolving the appropriate amount of both standards in methanol to give a final concentration of 1 mg/mL. A serial dilutions of each stock solution
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were made with methanol to prepare standard solutions at concentrations of 0.063, 0.125, 0.250, 0.500 and 1.000 mg/mL, from each of which 20 µL was used for plotting the standard curves for OA and UA, respectively.
Preparation of samples:
Dried samples of plant material (Sambuci flos) were powdered in a mortar and then sieved (40-60 mesh). The powders (1.0 g) were carefully weighed and then extracted with ethyl acetate (25 mL) for 24 h at the room temperature followed by 30 min ultrasonic extraction. The organic phase was separated, filtered into a 25 mL volumetric flask and filled up to 25.0 mL with ethyl acetate. For HPLC quantification, 1.0 mL of each ethyl acetate extracts was taken and evaporated under nitrogen. The residue was dissolved in 1.0 mL of methanol and transferred to an Eppendorf tube. The crude methanol solutions were filtered through a 0.45 μm filter (Merck-Millipore, Darmstadt, Germany) before injection and HPLC analysis.
Equipment and chromatographic conditions:
The HPLC apparatus consisted of a Knauer Smartline series (Berlin, Germany), a quaternary pump with vacuum degasser, and a Smartline PDA detector 2800 operated by Eurochrom software. Column was placed in a column oven (Jetstream 2-plus) with tolerance of ± 0.5°C. The analytical column (150 mm × 4.6 mm, 5 µm) Cosmosil πNAP (Nacalai Tesque, Kyoto, Japan), was used. The mobile phase composed of methanol and ultra-pure water (87:13, v/v) was run isocratically. The mobile phase was degassed by sonication prior to the analysis. In order to optimize the process of separation the different flow rates (0.4, 0.6 and 0.8 mL/min) were tested. For the same reason, the temperature of the column was kept at 5°C, 10°C and 15°C. The injection volume of samples and standard solutions was 20 μL and presented chromatograms were recorded at 206 nm.
Method validation: Standard solutions of OA and UA were prepared and diluted to appropriate concentrations for the construction of calibration curves. A range of five concentrations of both acids was analyzed in duplicate, and then the calibration curves were constructed by plotting the peak area detected by HPLC versus the concentration of each analyte. The limits of detection (LOD) and quantification (LOQ) under the chromatographic analysis at signal-to-noise ratio (S/N) of 3:1 and 10:1, respectively, were determined for both compounds. To assess the intra-day precision of the method 0.25 and 0.50 mg/mL standard solutions of OA and UA were injected for several times during the same day (n = 5). These studies were repeated on different days (n = 5) to determine the inter-day precision. The suitability of the column was performed using the resolution factor Rs. Rs = [2 × (tr2 -tr1)] / (w1 + w2), where tr1 and tr2 are the retention times and w1 and w2 are the baseline peak widths of two neighboring peaks. Microsoft Excel was used for the calculation of average, standard deviation and the limit of detection and quantification.
